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57] ABSTRACT

A protection circuit has a series combination of a p-channel
enhancement type field effect transistor, a first node and a
first resistor connected between a high voltage line and a low
voltage line and a series combination of a second resistor, a
second node and an n-channel enhancement type field etfect
transistor also connected between the high voltage line and
the low voltage line, and the first node and the second node
are respectively connected to the gate clectrode of the
n-channel enhancement type field effect transistor and the
cgate electrode of the p-channel enhancement type field etfect
transistor; when one of the field effect transistors 1s broken
down between the source node and the drain node due to
abnormal voltage applied between the high voltage line and
the low voltage line, the associated resistor varies the
potential level at the gate electrode of the other of the field
ciiect transistors due to the break-down current passing
therethrough, and causes the other of the field effect tran-
sistors to turn on so as to increase the current discharging
capability of the protection circuit.

16 Claims, 3 Drawing Sheets
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PROTECTION CIRCUIT FOR
DISCHARGING LARGE AMOUNT OF
STATIC CHARGE CURRENT THROUGH
FIELD EFFECT TRANSISTORS DIFFERENT
IN BREAK-DOWN VOLTAGE

FIELD OF THE INVENTION

This 1nvention relates to a semiconductor device and,
more particularly, to a semiconductor device having a pro-
tection circuit against static charge.

DESCRIPTION OF THE RELATED ART

Extremely large voltage such as static charge 1s uninten-
tionally applied to the pins of a semiconductor integrated
circuit device. If the extremely large voltage 1s directly
applied to a circuit component of the integrated circuit, the
circuit component 1s damaged. In order to prevent the circuit
component from the extremely large voltage, a protection
circuit 1s usually provided between the pins and the inte-
orated circuit.

A typical example of the protection circuit 1s illustrated 1n
FIG. 1 of the drawings. An output data buffer 1 forms a part
of an integrated circuit 1s fabricated on a semiconductor chip
2, and the integrated circuit 1s connected through power
supply lines 4/5 to pins 6/7. High voltage level and low
voltage level are respectively supplied to the pins 6/7, and
are power supply lines 4/5 distribute the high voltage and the
low voltage to the output data buffer 1 and the other
components of the integrated circuit. The output data buffer
1 1s implemented by a complementary inverter, 1.€., a series
combination of a p-channel enhancement type ﬁeld cifect
transistor Qpl and an n-channel enhancement type field
cffect transistor Qnl. A signal pmm 8 1s connected to the
common drain node 9 between the p-channel enhancement
type field effect transistor Qpl and the n-channel enhance-
ment type field effect transistor Qnl. D1 and D2 represent
parasitic diodes created in those field effect transistors

Qpl/Qnl.

The first prior art protection circuit 3 1s implemented by
a clamping diode D3. The clamping diode D3 1s connected
between the power supply lines 4 and 5, and 1s closer to the
pins 6/7 than the output data buffer 1 to be protected. The
clamping diode D3 1s lower than the breakdown Voltage and
the internal resistance than the output data buifer 1.

When static charge causes the pin 6 to be much higher
than the other pin 7, the clamping diode D3 flows the current
from the power supply line 4 to the other power supply line
5, and prevents the output data buifer 1 from the static
charge.

On the other hand, when static charge causes the pin 7 to
be much higher than the other pin 6, the clamping diode D3
and the parasitic diodes D1/D2 are forwardly biased, and the
diodes D1/D2/D3 flow the large amount of current. In
general, a diode can flow much current under the forwardly
biased condition rather than the reversely-biased condition.
For this reason, the clamping diode D3 and the parasitic
diodes D1/D2 discharge the large amount of current without
any damage.

The clamping diode D3 1s replaceable with diode-
connected field effect transistors. FIG. 2 1illustrates the
second prior art protection circuit 10 fabricated on a semis-
conductor chip 11. Other component elements and lines are
designated by the references designating corresponding
component elements and lines i FIG. 2.

The second prior art protection circuit 10 includes a
p-channel enhancement type field effect transistor Qp2 and
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an n-channel enhancement type field effect transistor Qn2.
The p-channel enhancement type field effect transistor Qp2
has a source-to-drain path connected between the power
supply lines 6 and 7, and the gate electrode thereof is
connected to the power supply line 6. On the other hand, the
n-channel enhancement type field effect transistor Qn2 has
a source-to-drain path also connected between the power
supply lines 7 and 6, and the gate electrode thereof is
connected to the power supply line 7. Thus, both field effect
transistors Qp2/Qn2 are diode-connected, and do not flow
current in so far as the Voltages fall within a normal range.
The diode-connected field effect transistors Qp2/Qn2 serve
as similar to the voltage clamping diode D3, and prevent the

output data buffer 1 from static charge.

The first problem inherent 1n the first prior art protection
circuit 1s a trade-off between the safety of the integrated
circuit and the capability thereof. In detail, the diode D3 is
expected to discharge the large amount of current before the
breakdown of the field effect transistors Qpl/Qnl. This
means that the protection diode D3 1s lower than the
breakdown voltage of the field effect transistors Qpl/Qnl.
Moreover, the breakdown voltage of the protection diode D3
1s higher than the rated voltage of the integrated circuit,
because the breakdown of the protection diode D3 before the
rated voltage results 1n malfunction of the integrated circuat.
The fabrication of the diode D3 is different from that of the
field effect transistors Qpl/Qnl, and fluctuation of either
fabrication steps does not affect the other. From the above
described premises, the manufacturer designs the break-
down voltage of the field effect transistors Qpl/Qnl to be
much higher than the rated voltage of the integrated circuit,
and the breakdown voltage much higher than the rated
voltage 1s conducive to the safety of the integrated circuit.
However, the current driving capability of the field etfect
transistors Qpl/Qnl 1s 1mnversely proportional to the break-
down voltage thereof, and the break-down voltage much
higher than the rated voltage 1s undesirable for the capability
of the integrated circuit. Thus, the manufacturer suffers from
the trade-off between the safety and the capability. For
example, assuming now that the rated voltage 1s 150 volts,
the manufacturer would design the breakdown voltage of the
protection diode D3 to be 170 volts. The manufacturer takes
the production yield and the dispersion of the breakdown
voltage 1nto account, and would design the field effect

transistors Qpl/Qnl to have the breakdown voltage at more
than 200 volts.

The second problem inherent 1n the first prior art protec-
tion circuit 1s complexity of the fabrication process. As
described hereinbefore, the target breakdown voltage of the
diode D3 1s adjusted between the rated voltage and the
breakdown voltage of the field effect transistors Qpl/Qnl,
and the regulation of the breakdown voltage requires an
additional doping step. The break-down voltage of a diode
1s dominated by impurity concentration of an impurity
region lighter than the other, and any combination of the
doping steps 1n the standard process hardly achieves the
target break-down voltage.

The second prior art protection circuit 1s free from the first
problem inherent in the first prior art protection circuit,
because fluctuation in the fabrication process evenly affects
both of the field effect transistors Qpl1/Qnl and the diode-
connected field effect transistors Qp2/Qn2. In other words,
the manufacturer does not give the large margin between the
breakdown voltage of the field effect transistors Qpl/Qnl
and the diode-connected field effect transistors Qp2/Qn2.
For example, the semiconductor integrated circuit device
has the rated voltage of 150 volts. The manufacturer would
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design the breakdown voltage of the field effect transistors
Qpl/Qnl and the breakdown voltage of the diode-connected
field effect transistors Qp2/Qn2 at 175 volts and 170 volts,
respectively. Thus, the break-down voltage of the diode-
connected field effect transistors Qp2/Qn2 1s on y 5 volts
lower than the break-down voltage of the field effect tran-

sistors Qpl1/Qnl.

The fabrication process for the second prior art protection
circuit 1s rather simple than that of the fabrication process for
the first prior art protection circuit. The p-channel enhance-
ment type diode-connected field effect transistor Qp2 1is
concurrently fabricated together with the p-channel
enhancement type field effect transistor Qpl, and the
n-channel enhancement type diode-connected field effect
transistor Qn2 1s also concurrently fabricated through the
process for the n-channel enhancement type field effect
transistor Qnl. Only the drain regions of the diode-
connected field effect transistors Qp2/Qn2 are shorter than
the drain regions of the field effect transistors Qpl1/Qnl so as
to make the break-down voltage lower.

A problem inherent in the second prior art protection
circuit 1s wide occupation area. In detail, although the
fluctuation 1n the fabrication process evenly affect the
p-channel enhancement type field etfect transistors Qpl/Qp2
or the n-channel enhancement type field effect transistors
Qnl/Qn2, there 1s not any guarantee that the break-down
voltage of the p-channel enhancement type diode-connected
field effect transistor Qp2 1s varied together with the break-
down voltage of the n-channel enhancement type diode-
connected field effect transistor Qn2. When the static charge
1s applied between the power supply lines 6 and 7, the
break-down firstly takes place 1n one of the diode-connected
field effect transistors Qp2/Qn2 lower 1n breakdown voltage
than the other firstly flows the current, and the other diode-
connected field effect transistor Qn2/Qp2 starts to flow the
static charge current upon arrival at the break-down voltage
thereof through increase of voltage level due to the resis-
tance 1n the diode-connected field effect transistor already
broken down. Even so, the diode-connected field effect
transistor firstly broken-down flows the static charge current
more than the other diode-connected field effect transistor. It
the break-down voltage 1s widely different between the
diode-connected field effect transistors Qp2 and Qn2, large
difference 1s observed between the amount of current pass-
ing through one of the diode-connected field effect transistor
and the amount of current passing through the other diode-
connected field effect transistor. In this situation, the manu-
facturer 1s required to achieve the current driving capability
large enough to discharge the static charge current under the
conditions that one of the diode-connected field effect tran-
sistors Qp2/Qn2 has the uppermost break-down voltage 1n
the allowed range and the other has the lowermost break-
down voltage of the allowed range. If the allowed range 1s
the target break-down voltagex15 volts, 1.e., 175x15 volts,
one of the diode-connected field effect transistors Qp2/Qn2
has the break-down voltage of 190 volts, and the other
diode-connected field effect transistor Qn2/Qp2 has the
break-down voltage of 160 volts. This means that one of the
diode-connected field effect transistors Qp2/Qn2 1s expected
to flow all the static charge current. Thus, the manufacturer
orves the large current driving capability to each diode-
connected field effect transistor Qp2/Qn2, and the large
diode-connected field effect transistors Qp2/Qn2 occupies

wide area.

SUMMARY OF THE INVENTION

It 1s therefore an 1important object of the present invention
to provide a protection circuit, which decreases the occupa-
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tion area without sacrifice of current discharging capability
or 1ncreases the current driving capability without sacrifice
of the occupation area.

To accomplish the object, the present invention proposes
to discharge current through not only a field effect transistor
broken down but also another field effect transistor caused to
turn on by the breakdown current.

In accordance with one aspect of the present invention,
there 1s provided a protection circuit for protecting a main
circuit against abnormal voltage comprising a first field
cifect transistor electrically connected between a first power
supply line and a second power supply line different in
potential level from each other and caused to turn on for
discharging current from the first power supply line to the
second power supply line when the abnormal voltage is
applied between the first power supply line and the second
power supply line.

BRIEF DESCRIPITION OF THE DRAWINGS

The features and advantages of the semiconductor device
will be more clearly understood from the following descrip-
fion taken 1n conjunction with the accompanying drawings
in which:

FIG. 1 1s a circuit diagram showing the configuration of
the first prior art protection circuit;

FIG. 2 1s a circuit diagram showing the configuration of
the second prior art protection circuit;

FIG. 3 1s a circuit diagram showing the conﬁgurauon of
a protection circuit according to the present invention;

FIG. 4 1s a graph showing voltage-to-current character-
istics between a high power supply line and a low power
supply line;

FIG. 5 1s a circuit diagram showing the configuration of

another protection circuit according to the present invention;
and

FIG. 6 1s a circuit diagram showing the configuration of
yet another protection circuit according to the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

Referring to FIG. 3 of the drawings, a protection circuit 20
embodying the present invention 1s integrated on a semi-
conductor chip 21 together with an internal circuit 22. The
protection circuit 20 prevents the internal circuit 22 from
abnormal large potential such as, for example, static charge.
The internal circuit 22 includes an output data bufler 22a
powered with power supply lines 23/24, and high voltage
level and low voltage are supplied from power pins 25/26 to
the power supply lines 23/24, respectively. A series combi-
nation of a p-channel enhancement type field effect transis-
tor Qpl0 and an n-channel enhancement type field etfect
transistor Qnl0 serves as the output data buffer, and 1is
connected between the power supply lines 23 and 24. The
p-channel enhancement type field effect transistor Qpl0 and
the n-channel enhancement type ficld effect transistor Qnl(
are responsive to an mput data signal Sin for producing an
output data signal Sout at the common drain node 22b. The
output data signal Sout i1s supplied from the common data
node Sin to a data pin 27. In this mstance, the data pin 27 1s
connected to one of data lines of a plasma display panel, and
the output data signal Sout drives the plasma display panel.
The p-channel enhancement type field effect transistor Qpl0
1s accompanied with a parasitic diode 22¢, and another
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parasitic diode 22d 1s coupled to the n-channel enhancement
type field effect transistor Qnl0.

The protection circuit 20 includes a series of p-channel
enhancement type field effect transistor Qpll and a resistive
clement R11 connected between the power supply lines 23
and 24 and a series of a resistive element R12 and an
n-channel enhancement type field effect transistor Qnll. The
gate electrode of the p-channel enhancement type field etfect
transistor Qpll 1s connected to the drain node N20 of the
n-channel enhancement type field effect transistor Qnll, and
the drain node N21 of the p-channel enhancement type field
effect transistor Qpll 1s connected to the gate electrode of
the n-channel enhancement type field effect transistor Qnll.
The resistive elements R11/R12 are implemented by poly-
silicon strips, respectively.

The p-channel enhancement type field effect transistor
Qpl0 and the n-channel enhancement type field effect
transistor Qnl0 are similar in structure to the p-channel
enhancement type field effect transistor Qpll and the
n-channel enhancement type field effect transistor Qnll. In
this 1nstance, the field effect transistors Qpl0/Qnl0/Qpll/
Qnll have respective gate insulating layers between respec-
five gate electrodes and respective channel regions. The
target breakdown voltage of the field effect transistors Qp11/
Qnll 1s lower than the target breakdown voltage of the field
elfect transistors Qp10/Qnl0. For this reason, the p-channel
enhancement type field effect transistor Qpll and the
n-channel enhancement type field effect transistor Qnll
have respective drain regions shorter than the drain node of
the p-channel enhancement type field effect transistor Qpl0
and the drain node of the n-channel enhancement type field
ciiect transistor Qnl0, respectively. The p-channel enhance-
ment type lield effect transistor Qpl0 and the n-channel
enhancement type field effect transistor Qpll are concur-
rently fabricated on the semiconductor chip 21, and the
n-channel enhancement type field effect transistor Qnl0 are
concurrently fabricated together with the n-channel
enhancement type field effect transistor Qnll. Even if fluc-
tuation takes place i1n the fabrication process, the influence
1s shared between the p-channel enhancement type field
cifect transistors Qpl0 and Qpll or between the n-channel
enhancement type field effect transistors Qnl0 and Qnll.
For this reason, when the break-down voltage of one of the
p-channel enhancement type field etfect transistors Qpl0/
Qpll 1s offset from the target break-down voltage, the
break-down voltage of the other p-channel enhancement
type field effect transistor Qp11/Qpl10 1s also offset from the
target break-down voltage. Stmilarly, when the break-down
voltage of one of the n-channel enhancement type field effect
transistors Qnl10/Qnll 1s offset from the target break-down
voltage, the break-down voltage of the other n-channel
enhancement type field effect transistor Qnl1/Qnl0 is also
offset from the target break-down voltage. Thus, the fluc-
tuation of the process evenly affects the p-channel enhance-
ment type field effect transistors Qpl0 and Qpll or the
n-channel enhancement type field etfect transistors Qnl0
and Qnll.

As described herembefore, the semiconductor integrated
circuit 1s connected to a plasma display panel, and the rated
voltage 1s 150 volts. The target break-down voltage of the
field effect transistors Qpl0/Qnl0 1s designed to be 175
volts, and the field effect transistors Qpl1/Qnll are designed
to have the target break-down voltage of 170 volts by
decreasing the length of the drain regions. The manufacturer
estimates the dispersion of the break-down voltage of the
field effect transistors Qpl1/Qnll at 15 volts.

In the followmg description, the break-down voltage of
one of the field effect transistors Qpll/Qnll 1s assumed to
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be offset from the target break-down voltage of 165 volits.
This field effect transistor 1s referred to as the “low break-
down field effect transistor”. The field effect transistor
having the breakdown voltage higher than the low break-
down field effect transistor 1s referred to as the “high
break-down field effect transistor”. When abnormal positive
voltage and abnormal negative voltage are applied to the
pins 25 and 26, respectively, the low break-down field effect
transistor 1s broken down so as to flow the current, and the
associated resistor R11/R12 provides the resistance against
the current. When the amount of current reaches 60
milliamperes, the associated resistor R11/R12 increases the
potential difference between the gate electrode of the high
break-down field effect transistor and the source node
thereof, and causes the high break-down field effect transis-
tor to turn on. The resistor R11 increases the potential level
at the gate electrode of the field effect transistor Qnll due to
the current passing through the field effect transistor Qpll,
and the other resistor R12 decreases the potential level at the
cgate electrode of the field etfect transistor Qpll due to the
current passing through the field effect transistor Qnll.
Thus, a positive feedback system takes place 1n the protec-
tion circuit 20, and increases the amount of current passing
through the field effect transistors Qpl11/Qnll as indicated

by plots PL1 (see FIG. 4). Plots PLL1 shows that snap-back
SB1 starts at 60 milliamperes. The increased current leads
the protection circuit 20 to a destruction point BK1. If the
resistors R11/R12 are zero ohm, the protection circuit 20 1s
similar to the second prior art protection circuit 10, and
immediately reaches a destruction point BK2. The amount
of current at the destruction point BK1 1s 500 milliamperes,
and the amount of current at the destruction point BK2 1s 60
milliamperes. Thus, the protection circuit 20 has the current
driving capability at least eight times larger than that of the
second prior art protection circuit 10.

The protection circuit 20 1s realized as follows. First, the
manufactuer determines the maximum current discharging
capability of the protection circuit 20 on the basis of the
cuaranteed rated value of the semiconductor integrated
circuit device. In this instance, the maximum current dis-
charging capability 1s 500 milliamperes. The maximum
current, 1.€., 500 milliamperes 1s branched between the
p-channel enhancement type field effect transistor Qpll and
the n-channel enhancement type field effect transistor Qnll.

Subsequently, the manufacturer determines the ratio
between the shunt current Ip passing through the p-channel
enhancement type field effect transistor Qpll and the shunt
current In passing through the n-channel enhancement type
field effect transistor Qnll. The manufacturer takes the
following conditions 1nto account. First, it 1s desirable that
the total area occupied by the field effect transistors Qpll/
Qnll is as narrow as possible. Second, 1t 1s appropriate that
the probability of breaking down the p-channel enhancement
type field effect transistor Qpl1 1s approximately equal to the
probability of breaking down the n-channel enhancement
type field effect transistor Qnll under abnormal voltage
larger than the guaranteed rated voltage. In this instance, the
ratio between the shunt current Ip and the shunt current In
1s assumed to be 2:3, and the p-channel enhancement type
field effect transistor Qpll and the n-channel enhancement
type field effect transistor Qnll respectively flow 200 mil-
liamperes and 300 milliamperes 1mmediately before the
destruction. Then, the manufacturer determines the gate
width of the p-channel enhancement type field effect tran-
sistor Qpll and the gate width of the n-channel enhance-
ment type field effect transistor Qnll 1n such a manner than
the field effect transistors Qpl1l/Qnll respectively flow 200
milliamperes and 300 milliamperes.
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Subsequently, the manufacturer designs the resistors R11/
R12. The manufacturer takes the difference in current
between the break-down of the low break-down field ett

cct
transistor and the starting point of the snap back SB1 into
account. If the starting point of the snap back SB1 is too
small, the protection circuit 20 becomes too sensitive to the
noise due to electrostatic induction, and suffers from mal-
function. On the other hand, if the starting point of the snap
back SB1 1s too large, the protection circuit 20 reaches the
destruction point BK2 before the snap back SB1, and the
low break-down field effect transistor 1s destroyed. For this
reason, the manufacturer gives appropriate margin between
the starting point of the snap back SB1 and the destruction
point of any one of the field eft

ect transistors Qpl11/Qnll. It
any one of the field effect transistors Qpl11/Qnll does not
satisfy the above described condition, 1.e., the appropriate
margin, the manufacturer increases the gate width of the
field effect transistor until the satisfaction.

The resistor R11 1s designed to have resistance equal to
the quotient of the division between the threshold of the
n-channel enhancement type field effect transistor Qnll and
the amount of current at which the protection circuit 20
maintains the breakdown. In this instance, the amount of the
current 1s 60 milliamperes. If the threshold of the n-channel
enhancement type field etfect transistor Qnll 1s 6.0 volts, the
resistor R11 1s designed to have 100 ohms. The other resistor
R12 1s similarly designed, and has the resistance equal to the
quotient of the division between the threshold of the
p-channel enhancement type field effect transistor Qpll and
the amount of the current, 1.e., 60 milliamperes. If the
threshold of the p-channel enhancement type field effect
transistor Qpll 1s 6.0 volts, the resistor R12 1s also designed
to have 100 ohms. The resistors R11 and R12 are expected
to withstand the shunt currents Ip and In, 1.e., 200 milliam-
peres and 300 milliamperes, respectively. The abnormal
voltage 1s like a pulse, and the resistors R11/R12 are not
expected to flow direct current of 200/300 milliamperes. For
this reason, the polysilicon resistor R11/R12 1s 0.6 micron
thick, 10 microns wide and 25 microns long.

As will be understood from the foregoing description, the
seccond prior art protection circuit merely flows 60
milliamperes, and the protection circuit 20 according to the
present mvention flows 500 milliamperes, which 1s at least
eight times more than that of the second prior art protection
circuit. If a semiconductor integrated circuit device expects
the protection circuit 20 to flow the current as much as that
of the second prior art protection circuit, the protection
circuit consumes the real estate only an eighth of that of the
second prior art protection circuit.

Second Embodiment

FIG. § illustrates another protection circuit 30 embodying,
the present invention. The protection circuit 30 1s integrated
on a semiconductor chip 31 together with an internal circuit
22. The resistor R11 1s deleted from the protection circuit 30,
and the other component elements are labeled with the same
references designating corresponding component elements
of the protection circuit 20. If the relation between the
break-down voltages of the field effect transistors Qpll/
Qnll are known and the rated voltage 1s not so high, the
manufacturer can delete the resistor R11 from the protection
circuit 20. The breakdown voltage of the p-channel enhance-
ment type field effect transistor Qpll 1s 65 volts, and the
breakdown voltage of the n-channel enhancement type field
effect transistor Qnll 1s 55 volts.

Since the positive feedback does not takes place 1n the
protection circuit 30, the snap back i1s not seen in the
voltage-to-current characteristics of the protection circuit
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30. However, when the low break-down field effeet
transistor, 1.¢., the n-channel enhancement type ficld etfect
transistor inl 1s broken down, the break-down current
causes the potential level at the gate electrode of the
p-channel enhancement type to go down, and the p-channel
enhancement type field effect transistor Qpll turns on.
Then, both field effect transistors Qpll and Qnll discharge
the current due to the abnormal voltage. As a result, the
protection circuit 30 achieves the current discharging capa-
bility larger than that of the second prior art protection
circuit. Moreover, the protection circuit 30 1s appropriate to
a semiconductor integrated circuit designed under a strict
requirement of anfi-latch-up characteristics between the
power supply lines, because the voltage-to-current charac-
teristics of the protection circuit 30 does not have the snap
back SB1. The protection circuit 30 occupies an area nar-
rower than the area for the protection circuit 20, because the
resistor R11 is not incorporated in the protection circuit 30.
Third Embodiment

FIG. 6 1illustrates yet another protection circuit 40 inte-
orated on a semiconductor chip 41 together with the internal
circuit 22. When the gate insulating layer of the field eff

ect
transistor 1s extremely thin, the gate-to-source break-down
voltage 1s lower than the source-to-drain breakdown voltage,
and the protection circuit 40 1s more appropriate rather than
the protection circuit 20.

A clamping diode 40a 1s added to the protection circuit
20, and the other component elements are labeled with the
same references designating corresponding component ele-
ments of the first embodiment. The n-channel enhancement
type field effect transistor Qnll 1s lower in breakdown
voltage than the p-channel enhancement type field eff

cct
transistor Qpll. The clamping diode 40a 1s connected
between the power supply line 24 and the gate electrode of
the n-channel enhancement type field effect transistor Qnll.
Even though the break-down current causes the potential
level at the gate electrode of the n-channel enhancement
type field effect transistor Qnll to go up, the clamping diode
40a keeps the potential level at the clamping voltage lower
than the gate-to-source break-down voltage. For this reason,
the n-channel enhancement type field effect transistor Qnll
can behave as described 1 conjunction with the first
embodiment.

As will be appreciated from the foregoing description, the
beak-down current passing through the low breakdown field
cifect transistor causes the high break-down field effect
transistor to turn on. The abnormal voltage flows both of the
low/high break-down field effect transistors, and the current
discharging capability of the protection circuit according to
the present invention 1s surely improved. Otherwise, the
protection circuit according to the present mvention occu-
pies an area narrower than that of the second prior art
protection circuit without sacrifice of the current discharging,
capability.

When the protection circuit forms the positive feedback
system, the manufacturer easily designs the protection
circuit, because the manufacturer does not need to determine
which field effect transistor has a lower break-down voltage.
Moreover, even 1f fluctuation i the fabrication process
unevenly affect the break-down voltages of the field eff

cCt
transistors, the positive feedback system surely cause the
high break-down field effect transistor to turn on after the
break-down of the low break-down field effect transistor.
The positive feedback system increases the shunt current
after the turn-on of the high breakdown field effect transistor.
As a result, the protection circuit with the positive feedback
system drastically enhance the current discharging capabil-

ity.
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The protection circuit according to the present invention
does not need additional steps in the fabrication process.
Even though the protection circuit requires the relation, 1.e.,
(rated voltage of the semiconductor integrated circuit)<
(break-down voltage of the field effect transistors of the
protection circuit)<(break-down voltage of the field eff

cct
transistors to be protected), the transistor characteristics of
the field effect transistors of the protection circuit are linked
with the transistor characteristics of the field elffect transis-
tors to be protected. For this reason, 1t 1s not necessary that
the breakdown voltage of the field effect transistors to be
protected 1s much higher than the rated voltage of the
semiconductor mtegrated circuit. This means that the manu-
facturer can give the current driving capability larger than

that of the prior art to the field effect transistors to be
protec

ed. Thus, the present invention makes the occupation
arca of the protection circuit narrower than that of the prior
art without losing the advantage-¢ of the second prior art
protection circuit.

Although particular embodiments of the present invention
have been shown and described, 1t will be apparent to those
skilled 1n the art that various changes and modifications may
be made without departing from the spirit and scope of the
present mvention.

What 1s claimed 1s:

1. A protection circuit for protecting a main circuit having
field effect transistors against abnormal voltage comprising:

a first field effect transistor electrically connected between
a first power supply line and a second power supply line
different in potential level from each other and caused
to turn on for discharging current from said first power
supply line to said second power supply line when said
abnormal voltage 1s applied between said first power
supply line and said second power supply line, said first
field effect transistor forming a part of a first discharg-
ing path connected between said first power supply line
and said second power supply line;

a second field effect transistor connected between said
first power supply line and said second power supply
line to form a part of a second discharging path
connected between said first power supply line and said
second power supply line, wherein a part of said current
flows from a source electrode of said second field effect
transistor to a drain electrode of said second field effect
transistor, said first field effect transistor and said
second field effect transistor fabricated concurrently
with said field effect transistors of said main circuit to
guarantee a relationship between break-down voltages
of said field effect transistors; and

a clamping diode connected between said second power

supply line and a gate electrode of said second field
cilect transistor so as to limit a potential level at the
gate electrode of said second field effect transistor
below said break-down voltage of said second field
ciiect transistor.

2. The protection circuit as set forth 1n claim 1, wherein
sald second discharging path further includes a current-to-
voltage converting means connected 1n series to said second
field effect transistor so as to convert said part of said current
fo a gate voltage at a gate electrode of said first field eff

g™

eCt

transistor, thereby causing said first field effect transistor to
furn on.

3. The protection circuit as set forth 1 claim 2, wherein
said first field effect transistor 1s different in channel con-

ductivity type from said second field eff

ect transistor.

4. The protection circuit as set forth in claim 2, wherein
said current-to-voltage converting means Comprises a resis-
tor.
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5. The protection circuit as set forth 1n claim 4, wherein
said resistor 1s connected bet ween said first power supply
line and the drain electrode of said second field effect
transistor having an n-type enhancement mode channel, and
the gate electrode of said first field effect transistor opposite
in channel conductivity type to said second field eifect
transistor 1s connected to a node between said resistor and
said second field effect transistor.

6. The protection circuit as set forth in claim 1, wherein
said first discharging path further includes a first current-to-
voltage converting means connected in series to said first
field effect transistor for varying the potential level at the
cgate electrode of said second field effect transistor due to
another part of said current passing through said first field
cifect transistor, and said second discharging path further
includes a second current-to-voltage converting means con-
nected 1n series to said second field effect transistor for
varying a potential level at a gate electrode of said first field
clfect transistor due to said part of said current.

7. The protection circuit as set forth 1n claim 6, wherein
said first field effect transistor, said first current-to-voltage
converting means, said second field effect transistor and said
second current-to-voltage converting means form in combi-
nation a positive feedback system for enhancing a current
discharging capability of said protect 1ion circuit.

8. The protection circuit as set forth i claim 6, wherein
said first current-to-voltage converting means and said sec-

ond current-to-voltage converting means comprise a first
resistor and a second resistor, respectively.

9. The protection circuit as set forth in claim 8, wherein
said first resistor 1s connected between said second power
supply line and a drain electrode of said first field eff

cct
transistor having a p-type enhancement mode channel, and
said second resistor 1s connected between said first power
supply line and the drain electrode of said second field etfect
transistor having an n-type enhancement mode channel.
10. The protection circuit as set forth 1n claim 9, wherein
a gate electrode of said first field el

ect transistor 1S con-
nected to a first node between said second resistor and said
second field effect transistor, and the gate electrode of said
second field effect transistor 1s connected to a second node
between said first resistor and said first field effect transistor.

11. A protection circuit for protecting a main circuit

having field effect transistors against abnormal voltage com-
prising:

a first field effect transistor connected between a first
power supply line and a second power supply line and
caused to turn on for discharging current from said first
power supply line to said second power supply line
when said abnormal voltage 1s applied between said

first power supply line and said second power supply

line, said first field effect transistor forming a part of a

first discharging path between said first power supply

line and said second power supply line;

a second field effect transistor connected between said
first power supply line and said second power supply
line to form a part of a second discharging path
connected between said first power supply line and said
second power supply line; and

a clamping diode connected between said second power
supply line and a gate electrode of said second field
effect transistor, said first field effect transistor and said
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second field effect transistor fabricated concurrently
with said field effect transistors of said main circuit to
guarantee a relationship between break-down voltages
of said field effect transistors.

12. The protection circuit as set forth 1n claim 11, wherein
said clamping diode limits a potential level at the gate
clectrode of said second field effect transistor below a
break-down voltage of said second field effect transistor.

13. The protection circuit as set forth 1n claim 11, wherein
sald second discharging path further imncludes a current-to-
voltage converting means connected 1n series to said second
field effect transistor so as to convert a part of said current
to a gate voltage at a gate electrode of said first field eff

™

cCt
transistor, thereby causing said first field effect transistor to
furn on.

14. The protection circuit as set forth in claim 11, wherein
said current-to-voltage converting means cComprises a resis-
tor.
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15. The protection circuit as set forth in claim 11, wherein
said first field effect transistor 1s different in channel con-
ductivity type from said second field effect transistor.

16. The protection circuit as set forth in claim 11, wherein

said first discharging path further includes a first current-to-
voltage converting means connected 1n series to said first

field effect transistor for varying a potential level at a gate
clectrode of said second field effect transistor due to a part

of said current passing through said first field effect
transistor, and said second discharging path further includes
a second current-to-voltage converting means connected 1n

series to said second field effect transistor for varying a
Tect

potential level at a gate electrode of said first field e
transistor due to a part of said current.
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